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1. INTRODUCTION 

The key goal in developing Optical Code Division Multiple Access (OCDMA) is to overcome some 
disadvantages in a communication network through optical fiber such as low-security level when multiple 
users access the same bandwidth, low rate transmitting speed, and complexity designing. OCDMA with its 
characteristic offers a lot of advantages as asynchronous and simultaneous access of multiple users to the 
network, broadband access and low losses, the transmission with high level of security and facilitation of the 
realization of many services so OCDMA has been introduced to respond to many requirements in optical 
fiber communication [1]. OCDMA system can be classified on coherent and incoherent based on the property 
of its respective optical signal [2], many schemes have been proposed where Spectral Amplitude Coding is 
one of these schemes (SAC-OCDMA) [3, 4]. SAC-OCDMA has been attracted from a huge research 
according to its features but it can be affected by many factors such as Phase Induced Intensity Noise (PIIN) 
and Multiple Access Interference (MAJ) which are the main challenges of OCDMA system [5, 6]. To achieve 
this goal two-dimensional codes are developed to overcome deficiencies of one-dimensional codes which are 
introduced as 2D Diluted Perfect Difference (2D DPD) [7], 2D Modified Double Weight (2D MDW) [8, 9], 
2D hybrid code FCC/MDW [10], 2D Dynamic Cyclic Shift code (2D DCS) [11]. In this paper, the proposed 
code 2D ZCC/MD is developed to mitigate PIIN and suppress MAI to attain high performance. The current 
paper is arranged as follow, the second section focuses about 2D ZCC/MD construction combining 1D MD 
[12] and 1D ZCC [13, 14]. The third section describes results and discussion. Finally, the fourth section the 
conclusion of this study. 
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2. HYBRID ZCC/MD CODE 

Based on the combination of 1D MD [12] and 1D ZCC [13, 14] 2D ZCC/MD is constructed. 
2D ZCC/MD code denoted by (M x N,k,Ag,A-) where M X N represents code size of 2 D ZCC/MD, k is 
code weight, A,,A, represent auto and cross correlation respectively. Let Y {yo,¥4,¥2,+.+,Yn—1} and 
X{Xo, X41, Xz, «+ +,Xy—1} represent 1D-MD code and 1D ZCC code sequences respectively. Some examples for 
2d ZCC/MD sequences are shown in Table | for k, = 3,k2 = 2. 2D hybrid ZCC/MD codes can be created 
by g = {1,2,3, ...., M} and h = {1,2,3, ....,N}. Xp represents the patterns for space, Y, represents spreading 
patterns of spectral. 


101000100000 100001 
ZCC = |010010001000} MD = |010010 
000000010101 001100 








Table 1. Example of 2-D ZCC/MD Code Sequences for k; = 3 and kz = 2 








Agn [101000100000] [010010001000] [000000010101] 
1 1010001000007 010010001000) ,000000010101 
0 000000000000] {000000000000} }000000000000 
0 000000000000] |000000000000} }000000000000 
0 000000000000] |000000000000} |000000000000 
0 000000000000] {000000000000} }000000000000 
1 101000100000! 1010010001000! '000000010101 





The derivation of cross-correlation of the 2D ZCC/MD code is based on four matrices of features A(d), d € 
(0,1,2,3) is introduced by KERAF, et al. (2016)[10]. Following similar assumption, the cross correlation 
feature as A (d) can be depicted as follows: 


Ao = TX (1) 
Al = y?X (2) 
A? =YTX (3) 
A3 =YTX (4) 


X,Y parameters represent X & complementary respectively. The 2D hybrid ZCC/MD code cross correlation 
A® and Ag,» is shown as follow: 


R®(g,h) = Dirt DNst tay ausayy4n) ©) 


Wherever avs ) represents the (i,j);,0f AM and Qci+g)(j+n) 1S the (i,f)tn Of Ag n- 2D ZCC/MD code cross 


correlation sven by the (5) can be described on the Table 2. 


Table 2. Cross-Correlation of 2D Hybrid ZCC/MD Code 
A RO) RY R® RE 








gh 
g=0h=0 kk 0 0 0 
g=0,h#0 0 kyks 0 0 
g#0,h=0 0 0 kik, 0 
g#0,h+#0 0 0 0 kik, 





The cross correlation of Abo and Ay, can be written: 


M-1N- 
R©(g,h) =>, Sa ai ;(g, h) 


i=1 j=1 
= [lake 2 forg=0,h=0 
otherwise 


(6) 


Oo; 
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According to the Gaussian approximation, BER is calculated. The photodiode is used to obtain the 
photocurrent and to detect thermal lights as in [15, 16]: 


Cin see) = (gun) + ine) + (ignévmat) 
= Blt + 2eBI + aeeine (7) 
L 


e represents electron’s charge, K, is constant of Boltzmann, J stands for the average photocurrent, R,is the 
load resistance, T,, is the unlimited temperature, B means the electrical bandwidth. The 2D ZCC/MD code 
system represents a property of zero cross correlation, so the impact of Multiple Access Interference has been 
removed. Add on, adapting the same process as [12] where the probability of distributing bit 1 for each user 


is equal. At the receiver (0,0), the output currents is count on the cross-correlation of AY and Ag pas: 


I= ee 
0 


?. Pr w eae . 
~ So kav LY d(w)R°(i, /)U(v, i)dv 2 





Py 
0 
= hon si bok : » d(w)R°(i, | 
z= RPgrky 


M (9) 


The expression of equations for Shot noise, PIIN and Thermal noise could be expressed as below: 


(roe) = 2eB 2 (10) 
2 _ 1p R27 PZ wok 
(iby) = B — Avie (11) 
: AKpTnB 
(imieadal) os an (12) 
L 
So: 
seer R2P2 wok 4KpTnB 
(i ee = 2eB —— 2 + a + ras (13) 
Where: 


P,,.: effective source power at the receiver, 

R: The responsivity, 

k,: The code weight for spectral sequences, 

kz: The code weight for spec spatial sequences, 
W: The number of simultaneous clients, 

N: lengths of spatial code sequences, 

M: length of spectral code sequences. 


Remark: at a different time, the probability of sending bit “1” for every user at a different time is being ¥% so: 


(i2 ae eBRP.,-W2 4 R?P2.W2ky 4 4KpTnB (14) 
Mose Ww 2AvWw Rr 


The SNR at the receiver can be written as follow: 





2 Resi wa] 
SNR = > = SS 15 
(en ae R2PZ,wa2ki , eBRPsrwz , 4KpTnB (19) 
2AvW Ww Ry, 


From SNR the BER can be derived as depicted [17]: 
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erfc ( |SNR/g) 
BER = — (18) 
Wherever 
(19) 


2 (oe) 
erfe == J,” exp(—y*)dy 
The listed parameters that applied for analysing the effect of 2D ZCC/MD on the OCDMA 


performance is shown in Table 3. The following figures depict the analytical results. 


Table 3. The Parameters Employed in Numerical Calculations 
Spectral width of broadband AA = 300nm(AA = 3.75THZ) 





light source 
PD quantum efficiency R=0.75 
Operating wavelength Ag = 1.55um 
Data transmission rate R, = 622Mbps 
Electrical bandwidth B = 320MHz 
Receiver load resistor R, = 10302 
Tn = 300K 


Receiver noise temperature 
e = 1.60217646 x 10-!°coulombs 


Electron’s charge 
Constant of Boltzmann K, = 1.38 x 1073 W/K/ Hz 





3. RESULTS AND DISCUSSIONS 
Figure | represents BER versus number of simultaneous user when the received effective power 


Psr = 10~* watt and data rate 622 Mbps for proposed code 2D ZCC/MD (M=23, N=7) comparing with 


2D DPDC (M=91, N=3) and 2D FCC/MDW (M=23, N=7). It is clear that 2D ZCC/MD can accommodate 
360 active user at the BER equal to 10~° where the other code accommodate less than 100 user. 


2D ZCC/MD represents a better performance compared with other codes. 











E E 
—t— 2D ZCC/MD(M=23,N=7) ff 
=) —4— 2D FCC/MDW (M=23,N=7) fT 
—1+— 2D DPDC (M=91,N=3) 
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Figure 1. BER versus number of users when Psr = 107? watt and data rate Rb = 2.5GHZ comparison with 
2D codes FCC/MDW and 2D DPDC 


Figure 2 represents the plot of BER versus effective power P,, of the new code 2D ZCC/MD 
(M=23, N=7) comparing with 2D DPDC (M=91, N=3) and 2D FCC/MDW (M=23, N=7) when number of 
user equal to 150 and data rate Rb = 622Mbps for every client. It is obvious that when P,,. is less than 
—25 dBm, all codes exhibited poor performance where their BER are higher than 10~?domination of noise 
power represented by thermal noise on the signal power. When the received power increases above 
—25 dBm, the performance of these codes gradually improve with the power. 2D ZCC/MD exhibit superior 
performance compared with other codes, where the BER value at —10 dBm is 10-25 compared to 10~° 
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For 2D FCC/MDW and 107° For 2D DPDC. The figure proves that whenever the received power increases, 
the behavior of 2D ZCC/MD is better than others. 












—6— 2-D ZCC/MD (M=63, N=3) (data rate=622 Mbps) 
—A— 2-D FCC/MDW (M=23, N=7)(data rate=622Mbps) 
—+— 2-D DPDC (M=63, N=3)(data rate=622Mbps) 
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Figure 2. BER versus effective power when data rate Rb = 622Mbps and number of user K = 150 


Figure 3 represents BER versus effective power for 2D ZCC/MD with different data bit rate when 
it’s equal to 622 Mbps, 1.25Gbps and 2.5Gbps. At BER equal to 10~? 2D ZCC/MD require -25dBm for 
Rb = 622Mbps while for Rb = 1.25Gbps the effective power equal to -22dBm. it can be clear that when 
data rate is equal to 622Mbps represent a better performance comparing with other value of data rate. 












—6— 2-D ZCC/MD (M=63, N=3) (data rate=622 Mbps) 
—A— 2-D ZCC/MD (M=63, N=3)(data rate=1.25Gbps) 
—+— 2-D ZCC/MD (M=63, N=3)(data rate=2.5Gbps) 
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Figure 3. BER versus effective power when data rate equal to 622Mbps, 1.25 Gbps and 2.5Gbps and number 
of user K=150 for 2D ZCC/MD 


4. CONCLUSION 

Through this study a new code for two-dimensional hybrid spectral/spatial OCDMA code named 2D 
ZCC/MD has been proposed. The impact of PIIN noise, shot noise and thermal noise has been considered. 
Based on the numerical results as well as the comparing with other codes, the proposed code has a good 
performance and it can expand more active user with low bit error rate. 
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